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ABSTRACT

The pulse response of a variety of power transformers was determined,
with emphasis on Faraday-shielded transformers. Tests were conducted

on seven transformers and an Inductrol regulator ac the SAFEGUARD North
Dakota site. The transformers range in size from 10 MVA to 250 Vi,

The analysis program used the test results to the transformer character-
istics, and to caiculate the shielding effectiveness cf the transformers
tor a variety of input conditions, loads, and wiring configurations.
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1.0 TRANSFORMER ANALYSIS SUMMARY

1.1 OBJECTIVE

In the analysis of EMP propagation in power systems, evaluation of the iscla-
tion provided by the power transformers is required. Some major sources of
EMP coupling into a power system are overhead lines, buried cables, unshield-

ed equipment, etc. Critical areas are isolated by shields, filters, transform-

ers, switchgear, etc. The numerical values for the EMP isolation provided by
these isolation devices are needed for the calculation of EMP levels at vari-
ous locations throughout the power system. The objective of this study was
to determine the EMP shielding effectiveness of the types of transformers
used in the SAFEGUARD System.

1.2 SCOPE

A test and analysis program was developed and completed to characterize

the pulse response of a variety of power transformers, with emphasis on
Faraday-shielded transformers. Tests were conducted on seven transformers
and an Inductrol regulator at the SAFEGUARD North Dakota site. The trans-
formers range in size from 10 MVA to 250 VA. Five are three-phese shielded,
two are single-phase unshielded. The analysis program used the test results
to determine the transformer characteristics, and to calculate the shielding
effectiveness of the transformers for a variety of input conditions, loads,
and wiring configurations.

1.3 APPROACH

To establish the basic approach to the determination of EMP isolation pro-
vided by large Faraday-shielded transformers, a definition of what is meant
by "transformer isolation" is required, suitable test data is needed, and
both input-output circuitry and disturbing pulse shapes must be specified.
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1.3 (Continued)

For purposes of this study, “transformer isolation" is detined as

1) the ratio of peak-output to peak-input pulse currents under selected
conditions, and 2) the ratio of peak-output to peak-input puise voltages
under selected conditions. The selected conditions involve the specifi-
cation of appropriate disturbing pulse shapes, input circuits, and load
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1.3 (Continued)

circuits, for a particular transformer type. It is necessary to note the
possibility of obtaining widely different numerical values of isolation for
different transformers for various selected conditions. Thus,one of the
important aspects of this study has been the choice of the selected
conditions to represent the particular applications of each transforuer

to yield a response matrix for those particular appiications, and to
establish the variability ur the isolation for various parameters to

permit the estimation of isolation for cases which have not been specific-
ally evaluated.

To obtain test data, the transformers were connected in various "modes"

or circuit configurations to estaklish two-port (black box) representations
of the propagation of EMP through the transformers. Then in general, y-
parameter data for these conficurations were taken in the frequency

domain. The frequency range used for most of the swept-cw data was

30 kHZ to 32 MHZ. Spot-cw data was obtained at 1 kHZ and 50 kHz. Data

up to 100 MHz was obtained for one transformer.

The input and output circuits external tc the transformer are represented
by a resistive source impedance and a resistive load in most cases.

Also the response of a system, consisting ¢f a direct buried cable,

a transformer, another cable, and a complex load, was calculated. The
values of the resistive sources and loads for a particular transformer are
based on calculations of the equivalent transmission-line impedance of the
associated conduit, or the equivalent resistance of the associated

loads. The disturbing pulses are represented as double-exponential

pulses having suitable frequency content. The pulse response for each
transformer and each of its selected conditions was computed using Fourier
transform methods.
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1.3 (Continued)

Several data processing programs were developed for reducing the i
transformer data. The originai frequency domain-data is in terms of ;
the magnitude of the y parameters and the associated phase. This data is ‘
digitized, then converted to ABCD parameters by the ABCDOF program. The
ABCD parameters are the most useful for system calculations, since the

ABCD parameters for system elements can be chained tngether to represent
larger portions of a system. Such a calculation is shown in Appendix A.
The data was originally taken in terms of y parameters because a single-
point ground can be readily estabiished for th~ associated measurement
circuitry. The ABCDOF program produces 1024 complex numbers per parameter,
to represent a particular transformer. These parameters can be stored

on tape and used by the ZAPTST program to compute pulse response for the
seiected conditions. As an alternative, the ABCDOF output can be input

to the SHAKER routine, which selects the 98 most significant complex
numbers per parameter for output on cards. The accuracy of SHAKER is
readily checked by comparing plets uf the ABCD parameiers from SHAKER

with the ABCDOF output plots. The current technique for use of SHAKER
(input of inverse ABCD parameters) has been found to provide excellernt
accuracy in most cases. The availability of the transformer ABCD
parameters on cards from SHAKER has been very convenient for some
applications. The SHAKER output in addition to the direct ABCDOF output,
is used by the ZAPTST program to compute pulse response for the selected
conditions.

1.4 ASSUMPTICNS

The approach for the determination of transformer isolation for this
study rests on several assumptions which are implicit in the above
discussion., The basic assumptions are:

B I T P
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1.4 (Continued)

1) That transformer isolation can be defined as:

a) The ratio of peak-output to peak-input pulse currents under selected
load conditions, and

b) The ratic of peak-output to peak-input pulse voltages under selected
load conditions.

2) That the double-exponential pulse, with the particular set of time con-
stants used for this study, is a suitable representation of the threat-
induced puises.

3) That the source and load impedances can be adequately represented by
selected values of resistance.

4) That the two-port configurations, or modes, properly represent the
propagation of EMP through the transformers.

5) That the test-instrumentation configuration accurately measured the
two-pcrt parameters.

6) That the data-processing procedure resulted in meaningfui calculations
of the pulse amplitudes.

These assumptions are reasonable, and are in agreement with test results

obtained at the North Dakota SAFEGUARD. Site tests were directed primarily

at overall verification and were not planned to verify each assumption
separately.

1.5 SUMMARY OF RESULTS

The transformers listed in table 1 were measured. The type of measurements
taken and che data used for the isolation calculations also are givon i~
this table.

The TFCP-1, 10 MVA, 115KV-4160V, 3@ transformer was tested with the
primary (4) terminals shorted and driven against ground with a puise
generator. The secondary (y) wires were individually lcaded with 17-ohm
resistors to ground. The neutral (y) was grounded.

5
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1.5 (Continued)

For the drive pulse, the observed tp was 60 nsec, consistent with

values of fa = 8 x 105 Hz, fB =6 x 106 Hz from the calculated Fourier
transform (see Chapter 2). The peak pulse current transfer ratio was
measured to be -27 dB with shield connected, and -24 dB with shield
disconnected. The cw transfer function showed a pronounced resonance
(minimum attenuation) at 106 Hz, where the attenuation was -22 dB.

These values seen approximately consistent with the more detailed

analysis of the other transformers. The definitions of the different
configurations, or modes, are given in table2. A total of 381 diff-
erent combinations of pulse shape, input resistance, and output resistance
were used in transformer calculations. Table 2 shows the values of
source and load resistance which correspond to the data summary in
table 3. The pulse-time constants (P5) were 4 x 106 and 5 x 108 sec’
for this table.

1

From table 3, it can be seen that for shielded transformers, with the
shield connected, and for Mode 1, which is the most pertinent mode, for
the worst-case loading, the transformers provide at least 6-dB isolation
for pulse propagation from Y to &, and at least 10-dB isolation for
propagation from & to Y. For the nominal source and load resistances,
at least 12-dB isolation for Y to A and at least 16-dB isolation A to Y
is shown. For the low-impedance secondary (Y) load, at least 10-dB
isolation from Y to A and at least 30-dB isolation from ~ to Y is found.
The differential modes show significantly more isolation.

Source-impedance variations have small effect on isolation. In most
cases a low-impedance source (20) shows slightly less isolation (0-6 dB)
than high values.
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TABLE 2 DEFINITIONS OF MODES

MODE 1: COMMON MODE A, COMMON M™OE Y, NEUTRAL GROUNDED

MQODE 2: COMMON MODE &, COMMON MODE Y, NEUTRAL UNGROUNDED

MODE 3: DIFFERENTIAL MCDE A, COMMON MODE Y. NEUTRAL GROUNDED

MODE S: DIFFERENTIAL MODE A ,DIFFERENTIAL MODE Y, NEUTRAL GkOWDED

MODE :A: COMMON MODE PRIMARY, DIFFERENTIAL MODE SECONDARY SINGLE
PHASE TRANSFORMER

MODE 2A: DIFFERENTIAL MODE PRIMARY, DIFFERENTIAL MODE SECONDARY.
SINGLE PHASE TRANSFORMER

MODE 3A: COMMON MODE PRIMARY, COMMON MODE SECONDARY. TINGLE PHATE
TRANSFORMER

CONDITIONS FOR DATA SUMMARY

INPUT OUTPUT ir I\
WORST CASE Y a 182
y 10
LOw IMPEDANCE y I 2f} 300
“ETONDARY y 100 20
NOMINAL ¥ A 300 3082
a ! 00 200
8
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TABLE 3 DATA SUMMARY
PULSE DIRECTION VOLTAGE ISOLATION,dB, (P5)
TRANSFORMER S':{OI%EL’ TR
D] INPUT | OUTPUT |WORST CASE|sgconpary | NOMINAL
TF12 1 ON Y a -7 212 18
a Y 15 -3) 19
1 OFF Y I -6 - -1
a Y 15 -26 17
TFAA/FA 1 ON Y Jal -6 -12 -12
a Y -10 -33* 16
1 OFF Y 5 -2 -6 -9
4 Y 3 25+ -8
2 ON Y a 6 12 -14
a Y -9 -30* -15
2 OFF Y A 2 -8 -6
a Y -4 30¢ |9
3 O Y A 24 -34 -28
A Y -29 -48* -30
TF1004 1 ON Y a 17 21 -22
5 Y 16 -36* -22
2 ON Y a 17 -20 -24
A Y 17 37+ 24
7 1004 2 ON o Y -20 36 -24
TF1010 1 ON Y A -6 -10 16
a Y 12 -30% 16
2 ON Y a -6 15
o Y -1 - 15
5 ON Y O -14 - -32
s Y 15 -56 -32
CONTROL 1A HV LV -5 -20
2A HV LV -3 J16*
T17363 3A LV HV +2 -6 7
HV Ly 3 -30* 210
*EXTRAPOLATION
9
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1.5 (Continued)

To disconnect the shield shows some reduction in isolation. The possibility
that the disconnected shield still provides some isolation is indicated by
the low values of isolation provided by T17363 which is an unshielded trans-
former.

The 50 kVA, 480/277-volt Inductrol regulator was tested in a single-phase
line-to-ground configuration (Mode 4A, see Chapter 2). The results are
summarized in table 4. Terminals 1 and 2 are the normal ac input and out-
put terminals, respectively. The designation imput to terminal 1, output
to terminal 2 indicates pulse propagation from the normal regulator imput
to its output, etc. A comparison of table 3 and table 4 indicates that
the regulator provides less isolation than the shielded transformers for
worst-case and nominal loads.

Sufficiently deta.led data in graphic form is provided below to permit the
selection of appropriate values of isolation for many specific applications.
Alsa, values of isclation were identified which are generally applicable
for a power system analysis when specific values for each special case are
not desired.

For the 4160V to 480V shielded transformers, values of 10-dB isolation from
480V (y) to 4160V (4) and 20-dB isolation from 4160V (A) to 480V (y! were
selected for cereral application. For the Inductrol regulator, a value cf
20-dB isolation for both pulse propagation directions was selected for gen-
eral application, since the appropriate load impedances are low.

10
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TO TERM. [FROM TERM.| @ Q BOOST BUCK

1 2 oo -2 -4

WORST CASE ’ X - e -4
1 2 1 1 -41 -44

LOW IMPEDANCE | ) - .41 -4
1 2 50 | 50 -10 -12

1
PUrrT—— JUB——
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2.0 TEST AND ANALYSIS PROGRAM

2.1 MEASUREMENT TECHNIQUE

An example power system is shown in figure 1 to illustrate how the
transformers are in the EMP flowpath from sources of pickup (enclosures,
direct buried cable, etc) to sensitive components (computers, crypto
equipment, etc). Thus, the transformer isclation for the appropriate
corditions is needed to properly calculate the pulse transfer to the
critical components. The transformer is considered as a four-terminal
(two-port) black box (figure 2). The short-circuit admittance parameters
(y parameters) were measured in the frequency domain. Figure 2 illustrates
the y parameters for a two-port network, as well as the ABCD parameters
and the formulations for the worst-case voltage and current-transfer
ratios.

A three-phase shielded transformer provides so many terminals that to
characterize such a transformer completely as an n-port netwerk is
unnecessarily complex. Consequently, certain circuit configurations
(modes) have been chosen to represent the propagation of EMP through a
transformer. Figure 3 shows the configuration which has been labelad
"mode 1", with the corresponding measurement technigue. Mode 1
represents the propagatiorn of EMP where all three-phase lines are

raised to the same voltage above ground (common-mode) at both the

input and output of the transformer. For mode 1,the secondary (y)
neutral has been grounded. This configuration represents the most pert-
inent EMP propagation mode. Figure 4 stows mode 2, where the only
difference from mode 1 is that the neutral has been connected to the
output terminal instead of ground. Mode 2 parameters are capacitive

in the low-freauency region, simplifying the investigation of equivalent
circuits for a transformer. Figure 5 shows mode 2, where the transformer

12
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MEASUREMENT TECHNIGQUE:

(1) SET V., = O(SHORT)

2 :
H
NDRIVE V1 1 12 !

N =, = PR
MEASURE Y11 i ,Y21 X ¢

1 1

(2) SET Vl =0 :
DRIVE 1 §

(3) REPEAT WITH SHIELD DISCONNECTED

TIWURE 3 MebL 1
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SHIELD

.4””'.d
‘\\\\.—_-
>
—
>L
w
\<
N

MEASUREMENT TECHNIQUE:

(1) SET V, = O(SHORT)
DRIVE V,

I g
MEASURE Yll =V ,Y21‘ v
1 1
(2) SET V1 =0
DRIVE V, 1
MEASURE Y22 =—VE~'

(3) REPEAT WITH SHIELD DISCONNECTED

FIGURE 4 MODE 2
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|
I
SHIELD

(¥

Eﬁﬁ‘\\"
>
—
D
AP ——

"\EASUREMENT TCCHNIQUE:

(1) SET VZ, V3 = 0 (SHORT)
DRIVE V1 11 12 13
| e [ S VA I
MEASURE Yll v . YZl X ‘31 -
1 1 1
(2) SET V1 = 0 (SHORT)
ORIVE V,
Z 12 13
MEASURE Y22 == Y32= v
2 2
(3) SET Vl’ V2 =0{SHORT)
DRIVE V3 13
MEAS1RL Y33 =

(5]

(4) REPEAT WITH SHIELD DISCONNECTED

TIGURE 5 MODE 3
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2.1 (Continued)

has been configured to determine the conversion of a common-mode signal

on the secondary (y) tc a Jifferential-mode signal on the primary (&),

or vice-versa. Mode 4 was a configuration developed to determine the
conveirsion of a common-mode signal on the primary (A) to a differential-
mode signal on the secondary (y). The analysis of the mode 4 data was
considered of low priority and was not completed. Figure 6 shows the
mode 5 configuwration. Mode 5 represents the propagation of a differential-
mode {between wires) input signal to a differential-mode output signal.
Figure 7 shows the cornfigurations used to test the unshielded, single-
phase control transformer. Mode 1A is a common-mode primary, differential-
mode secondary configuration. Mode 2A is a differential-mode primary,
differential mode secondary configuration. Mode 1A and 2A wvere used to test
the control transformer.

Figure 8 shows the configuration used to test the unshielded, single-

phase 50-kYA power transformer T17363. Mode 3A is a common-mode primary,
common-mode secondary configuration.

Figure 9 shows the configuration used to test the three-phase, 50-kVA,
480/277-volt inductrol regulator. Mode 4A is essentially a differential-

mode in, differential-mode out configuration for one phase of the regulator.

This configuration was chosen as most reasonable to determine the
regulator line-to-ground EMP-output level from a common-mode regulator
input pulse propagated through a common-mode transformer configuration.

2.2 CALCULATICN TECHNIQUE

The majority of the measurements are made in the frequency domain.
The transformer-pulse responses are calculated using Fourier-transform
techniques. The use of the combination of y-parameter measurements

18
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SHIELD

4

MEASUREMENT TECHNIQUE:

CASE

(1) SET V2 = 0 (SHORT)
JRIVE V

1 11 l,
4 < E P, =
‘IEAJURE Yll Vl N Y21 ,/1
(SELECT A WINDING FOR MAX iz)

(2) SET V1 = 0 (SHORT)

DRIVE V

2 I

MEASURE Y., =

S
22 7V,

(3) REPEAT WITH SHIELD DISCONNECTED

FIGURE 6

19
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MODE 1A 1
/2
Y ¢ 9
480V
! PRIMARY 120Y SECONDARY | \
- —O
2l 0
!
N ,
<
MEASUREMENT TECHNIQUE:
(1) SET V,, V= O (SHORT)
DRIVE V

1
(2) SET V, = 0 (SHORT)

1
DRIVE V2

Vi MGOE 1B

v 1/ 1' § 'Z\Vﬂ
N 3 va
RS

MEASUREMENT TECHNIQUE:

(1) SET V, = 0 (SHORT)

DRIVE V, 3 ’

MEASURL Yll =——V~i—— , VZI :_._vl
(2) SET v, =0 (SHORT)

DRIVE V

2 L

MEASURE Y, =‘v;

FIGURE 7 MODE 1A & 2A
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“ . 120/240 V
S -
I\L . 4/.

TRANSFORMER T 17363

MEASUREMENT TECHNIQUE:

(1) SET V, = 0(SHORT)
DRIVE V1 I 12

» ¥ 7
11 Vl 21 1

(2) <ET V1 = 0 (SHORT)
DRIVE V
2 12

MEASURE Y22 ’—*-.72—'

FIGURE 8 MODE 3A
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I I
TERM 1 1 2 1ERM 2

—)

DISCONNECT THE
NORMAL 480/277v

INPUT LINES

eeser—

DISCONNECT THE
v, NORMAL QUTPUT
LINES

Vi

. &

.—-———-—-—-
SINGLE PHASE REGULATOR

MEASUREMENT TECHNIQUE

1) Set for maximum boost
a) Set Vo=0 (short)
Drive V

1 I I

Measure Y11= —I’ Y21= VI

b) Set V=0 (short)

Drive V2

Measure Y22 = -2

I
)

~n

2) Repeat for maximum buck

Figure 9 Mode 4A, Inductrol Requlator
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2.2 (Continued)

in the frequency domain with calculation of the time-domain pulse
responses allows excellent flexibility in the choice of pulse shape,
load impedance, and source impedance. The pulse-time constants are
chosen to obtain the desired frequency content. Figure 10 shows the
spectrum of a double-exponential pulse. The bulk of the energy in the
pulse is between the low-frequency break point fa and the high-
frequency break point fB » cOnsequently matching of fu and fs to the
desired frequency range has been the key to selectior of appropriate
pulse shapes. Table 5 shows the pulse parameters which have been usead
in the transformer calculations. P1 represerts the approximate
frequency content of pulses resulting from EMF fields coupling into
inductances. The data supported the use of Pl only for T17363. r2
represents typical pulsers coupled to a transformer, P3 is ar.
approximation to a step function and did not compute properly. P4

was chosen to fit the majority of the swept-cw data. P5 is typical of
free-field environments, cable pickup, etc. P4 and P5 were used for
the majority of the calculations. The tp column of table 5 gives the time

to the peak for the corresponding pulse, where tp =1 in( =
I

f-u S

Figure 11 shows the pulse-frequency ranges for Pl' P4, and P5 compared
with the frequency ranges for the data. Most of the network-analyzer
data was taken from 30 kHZ to 32 MHZ, except for T17363, for which the
upper freguency limit was 100 MHz.

To summarize the overall calculational approach, the data consists of y
parameters whichare digitized and converted to ABCD parameters, then
the pulse response is calculated using input information on either card
or tape. This summary is shown in figure 12. A more detailed data
flow is shown in figures 13, 14, and 15,which are self explanatory.
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TABLE 5 PULSE PARAMETERS

TM-82

a(sec’1) B(Sec'l) fa (Hertz)' fg (Hertz) Tp (Sec)

Py | 6 x 107 5 x 108 10/ 8 x 10/ | 4.8 x 1077

Py | 2 x 108 3 x 107 3 x 10° 5 x 10° | 9.8 x 1078

P3| 0.1 1010 |1.6x10% | 1.6 x10° | 2.5 x 1077

Py | 4x10° 108 6.4 x 10° | 1.6 x 10’ | 5.5x10°8

pe | 4 x 10° 5 x10%° | 6.4x10° | 8x10 |9.8x107
25
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2.3 CAPACITIVE PI NETWORK

PN

The Tow-frequency capacitance measurements of transformer TF1004 were
used in a pi-network simulation of that transformer. The network used j
is shown in figure 16. The correspondinc v and ABCD parameters were
calculated and input to ZAPTST. The resulting isolation calculations
N are quite similar to the TF1004 results, although scine y-parameter values
s were sianificantly different.




TERMINAL 1 O—

T™-82

(s SIDE)

C3
g% —CO TERMINAL 2
1 1
(y SIDE)
—L~‘ *O
A

€y = 3.6 x 107%F
Cp=5x 107°F

-Q
C3 = 0.5 x 107°F

Figure 16 PI 1004

32

R R R L T Y P gy h:—“ﬂ



TM-82
3.0 DETAILED RESULTS

Values of transformer source and load resistance were chosen to permit
determination of the pulse transfer cover the range of resistances typical

of the application of each transformer. Table 5a provides a summary of the
calculations, and provides a concise guide to the location of particular
data. Data tabies, tables 6 through 38, are provided to show the results

of the isolation calculations performed. Pulses P4 and P5, and for one
transformer, pulse P1, were used. The peak pulse voltage transfer ratios VT’
peak nulse current transfer ratios IT. and integrated <iergy transfer

ratios ET, were calculated. The ratios were expressed in dB. Plots were made
of selected data to show transformer isolation as a function of both source
resistance ZS’ and load resistance ZL (figures 17 through 111). Table 5a
indicated the particular data that were plotted. Each plot of isolation
versus source resistance ZS is labled with its associated value of load
resistance. Each plot of isolation versus load resistance ZL is labled

with its associated value of source resistance.

33




A
|
™-82
TABLE 5a CALCULATIONS SUMMARY
PULSE .
m,a DIRECTION TABLE FIGURE NUMLER
TRANSFORMER | & & NO, by | i L e -
2Z | IN OUT} ZL Pl Jl ZS P4 ! ZL P4 ZS ¥5 ZL P5 i
TF12 Ton Ty e T 79 1 j
Aoy | 7 T 20 22 |
1OFFf vy | a1 8 — 23 25 27 ;
LAY 9 o 26 28 1
p—— =} ? T ““f"“" T — -+ . T e e e ey i i
TFAA/FA 51 ON | Y . & | 10 S 29 31 33 t
| Al Yy | 30 32 34 1
LOFF| Y o A} 12 | 35 37 38 P
| Aty 13 — 36— - 39 5
20N L Y| & 14 . 40 42 ;
; ALY 15 SRR 3 43
2OFFL Y | & | g L a4 46 47
ey by 85 48
30N | ¥ {4 i 18 | 49 51 53
Ay ‘l 19 _ 50 52 54
TFI006  1ON | v | a 20 | - 55 57 . &9
| Ay ot 56 58 60
20N | Y a2 -8 63 65
PoA Y 23 62 64 66
m 1004 BONjALY;24 - 67 68 69 |
TFI010 1ON | Y | &' 25 L7072 74
| A Y 26 - - n 73 75
2N | Y | Al 27 76 78 |
| I A 77 e ;
SON Y| a2 B0 8z 3
| ALy | 30 1 o R 23 :
N, e >L . 4 . .- . PR . - ‘
CONTROL | 1A [HVILV| 31 | —— 84 8¢ ;
C2A LMV | LV | 32 i - 85 o7
; b — !
T17363 3A | LV W] 33 , 8 - — |, 90 92 94
W LV 34 | 8 = —- ¢ 91 | 93 ' 95
REGULATOR | #A- | 1 | 2 | 35 | "9 . 98 | 100 | 102
BOOST{ 2 | 1 | 36 | 97 99 | m 103
4A- | 1 | 2| 371 104 106 108 ; 110
BUCK| 2 | 1 | 38 '1 1 105 1 107 i 109 | T :

;
:
34 i
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TABLE 6 TRANSFORMER TF12
MODE : 1 SHIELD: ON
INPUT: CON. Y OUTPUT : COM.
COMPUTER PUN : DATA:  TAPE
* * INVERSE SHAKER
CASE Zc Z Vy Iy E; PULSE
1A 1 107 | -s.10 |-130.87 | -67.23 P4
2A 1 .001 -89.57 -15.36 -54.30
3A 7 10 -14.88  [-12.43 | -17.18
aA 15 10 -19.41  |-19.83 1 -17.3
5A 2 32 -10.03 |-23.65 | -17.52
6A 15 32 1454 |-23.58 | -17.40
7A 2 40 -9.38 |-24.93 ) -17.75
8A 15 40 -13.89  |-24.81 | -17.58
18 1 100 | -7.57  |-128.44 | -61.39 P5
28 1 001, | -91.56 |-12.50 | -43.95
3B 2 10 16.55  |-16.96 | -8.89
AB 15 10 20.18  [-17.80 | .5.&r
58 2 3 11,83 |-22.26 | -9.61
. 68 15 32 15,42 |-23.28 | -10.42
78 2 40 11.23° |-23.60 | -10.04
8B 15 40 -14.80 l-24.57 | -10.83
op 10 * 2.5 | -27.30 |-18.91 | -12.09
10B* 10 5 22.48  |-15.98 | -10.3
118 10 10 -18.78  |-17.38 | -6.92
128* 10 15 16.62  |-18.67 | -7.16
138% 10 20 -15.54  |-19.92 | -g.42
143+ 10 32 1408 |-20.38 | -9.45
158% 10 50 -13.01  {-25.03 | -10.24
168% 10 001 |-93.86 |-13.61 | -44.53
178* 15 10 -19.03  |-18.00 | -9.86
35
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TABLE 7 TRANSFORMER TF12
MODE: 1 SHIELD: ON
INPUT:  COM. A OUTPUT : COM.Y
COMPUTER RUN: FBLU3007, FOD01819 DATAT  * INVERSE SHAKER
* ARED5075 TAPE
CASE Zc 7 . L | & PULSE
1A 1 100 | -13.32 |-128.83 | -63.74 P4
2A 1 .001 -89.94 -5.42 | -41.02
3A 10 2 -28.71 -7.80 | -10.75
4A 10 15 -19.20 -15.73 -2.32
5A 32 2 3271 -7.99 -11.10
6A 32 15 -22.93 -15.81 -9.57
7A 40 2 -33.57 -7.98 -11.02
8A 40 15 -23.79 -15.78 -9.49
18 1 107 | -1a.77 |-128.36 | -64.21 P5
28 1. .001 -91.3 -4.92 -40.86
38 10 2 | -20.24 -7.48 -10.64
48 10 15 | -19.69 ~15.45 -a.40
58 3 2 | -30.81 3,14 BN
. 68 32 15 |-21.20 -16.06 -9.95
78 40 2 |-30.98° | -9.2: -11.75
88 40 15 | -21.35 16.12 -10.03 -
9B 10 10 |-20.52 -12.97 -9.70
108+ 10 2 | -17.81 -19.96 11,40
11+ 10 40 | -17.52 21,61 -12.07
12R* 10 001 | -92.61 -5.70 -41.78
13p* 10 15 |-19.35 -14.96 -9.77
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0 -
o=1,, 0=V, * SHAKER DATA
) T T
l, ==
(ot :
-0 oo 7, =40
L:
» " iZL=32
d8 -20 — $\s\ .7, =10
%t:-——zfﬂ
\zL=4o
-30 - :
!
=40 n T T T
0 10 20 30 40 5C 3
ZS :
FIGURE 19 MODE ) INPUT Y TRANS, TF12
SHIELD ON OUTPUT A PULSE PS5
0
L0 °=1;,3=V;
r-._e -
10 - —- e—-—ZL 2
Z = 00
L
ot . S a— ]
dB -20 - —a\__h_ﬁ____a__,f]s
=30 5 G 1, =2
L
-40 T | ] 1 L
0 10 20 30 40 5C
Z.
)
FIGURE 20 MODE ) INPUT A TRANS. TF12 ;
SHIELD ON OUTPUT ¥ PULSE P5 )
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* SHAKER DATA

T r v 1 ) J ]
0 10 20 30 40 50 ®
.
FIGURE 21 MODE 1 INPUT Y TRANS, TF12
SHIELD ON OUTPUT A PULSE Ps

B=Vr  “SHAKER DATA

d8 -20 — 1819 __,.——3-4%:‘;;)—,"‘—“—5
a —_
Z 7 32 7 0" T —
y 40
/4
40
-40 ] T Y T ( 1
§
10 20 30 40 50) / oo
Zy
FIGURE 22 MODE 1 INPUT A TRANS, TF12
SHIELD ON QUTPUT Y PULSE PS5
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TABLE 8 TRANSFORMER TF12
MODE: ] SHIELD: ofF
INPUT: COM. Y OUTPUT : COM. 5
COMPUTER RUN: A0001654 DATA: [NVERSE SHAKER
CASE e Z, Vs Iy E, PULSE
1A ] 107 -3.92 | -120.62 | -65.45 P4
2A 1 .001 -88.78 214,75 54,74
3A 15 10 -17.0 -16.56 | -17.37
8A 2 32 -8.26 -22.32 | -16.72
5A 15 32 -12.35 -21.81 | -16.30
6A
7A
8A
18 1 107 -6.47 -126.84 | -50.39 PS5
2B 1 .001. -90.94 11,79 | -44 .66
38 1 10 16,64 Vhoos | o100y
4B g 32 -10.64 RN B
58 15 32 213.23 NI -9,
. 6B
78
88
40
il imiadiiy
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TABLE 9 TRANSFORMER  TF12
MODE: 1 SHIELD: OFF
INPUT: COM. & OUTPUT : COM. ¥
COMPUTER RUN: ARED208] DATA:  INVERSE SHAKER
A0001657 <
CASE Ze Z Vo Iy £, PULSE
1A 1 107 | -12.79 {-127.98 | -60.99 P4
2A 1 .001 | -88.98 5.99 | -30.47
3A 10 . 15 |-17.69 | -15.51 | -g.33
aA 32 2 | -31.38 7.50 | -10.25
5A 32 15 | -21.15 | -15.00 -7.68
6A
7A
8A
18 ] 107 |-18.58 |-126.96 | -0.oc P5
28 r .001. | -90.75 .76 | -za0s0
3B 10 15 |-18.65 | -15.51 -8.05
4B 32 2 |-26.49 -g.44 29,18
5B 32 15  |-19.25 | -15.68 6.74
. 6B
78
8B
a1

.




1]
]
R
.

™-82

0 =
=l. = )
@-IT,D VT s_______._.(.:\
@2 '
-10 - -
| 15 //’—ﬁ—_’/_
”~
dg -20 — // K \]%5\
/ Tt~ L
p 3
-30 -/
I
I
«40 {C
1 1 T 1 1 J J |
0 10 20 30 40 50 oo
Z,
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TABLE 10 TRANSFORMER  TFAA/FA
MODE : 1 SHYELD: on
INPUT ¢ COM. OUTPUT ¢ COM.
COMPUTER RUN: FBLU308 DATA: TAPE
FO001822
:_:9&55 ZS ZL Vxl. 'y Er PULSE
1A 1 167 2345 |-se.a7 | g4 P4
2A 1 001 [-128.01 |-11.66 | -50.32
3A y 20 | -13.56 |-i6.42 | -13.27
aA 20 20 | -16.96 [-16.14 | -14.79
5A 5 40 | -10.9c |-19.57 | -12.68
6A 20 80 [ -13.97 |-19.40 | -15.73
74 20 30 | -14.80 |-17.88 | -15.21
8A
18 1 1000 | -6.07 |-89.a0 | -23.09 PS
2B 1 001, |-123.62 | -7.50 3365
38 5 20 | -13.15  {-15.64 Ny
a8 20 20 | -13.10 |-15.57 6.0
58 5 40 11,09 |-19.46 016
. 6B 20 20 | -11.07 |-19.57 -7.06
78 20 30 | -11.99° |-16.0 -6.45
88
a5
s e —" O M




. TM-82 |
. - ]
R TABLE 11 TRANSFORMER YFAA/FA 5
S MODE : 1 SHIELD: ON !
E ."","f.‘ INPUT: COM. A OUTPUT * COM. :
TN COMPUTER RUN: FRED3006 DATA: TAPE ;
AR F0001823 |
e -
A CASE ZS Z“ VT IT ET b SE
. 1A 1 107 | -10.04 |-123.26 | -55.85 P4
S 2 1 001 | -89.08 3,78 | -33.80
L 3A 20 5 | -25.70 -3.93 -3.3¢
" 4A 20 20 | -19.12 -14.04 -2.33
L 54 40 5 | -28.55 -8.76 | -3.9
E 6A 40 20 | -21.89 | -13.92 | -4.06
1 7A 30 20 | -20.68 -13.95 -3.18
R 8
S _ 1 -
18 ! o) -0 |00 | oseon PS5
B 28 1 001 | -89.6 R -4
. 38 20 b | -2s.ca -0.80 | -5.15
PR 4B 20 20 | -15.5¢0 -13.78 -2.23
A 58 40 6| -24.39 -9.39 | -2
. 1 e 40 20 |-17.36 | -14.45 -5.40
o 78 30 20 |-17.32° | -14.45 | -2.7¢
2 o5
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™-82
TABLE TRANSFORMER TFAA/FA
MODE : SHIELD: OFF
INPUT : OUTPUT : COM.
COMPUTER RUN : DATA: INVERSE SHAKER
CASE 4 Vy ! Ey PULSE
1A 107 26 | -121, -62.60 P4
2A .001 .01 -9.84 | -55.75
3A 30 .49 8. -10.09
4A 30 54 -11. -12.95
5A
6A
7A
8A
18 10/ 36 o114 -53.93 PS
28 .001. .83 27 -81.27
38 30 16 -10. -3.4)
4B 30 11 1125 | -4.04
58
. 6B
78
8B
50
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TABLE 13 TRANSFORMER TFAA/FA

MODE: 1 SHIELD: OFF

INPUT: COM. A OUTPUT : COM. Y

COMSUTER RUN : DATA:  INVERSE SHAKER

CASE Z 7, v, I, 3 PULSE

1A ; 1007 | <183 |-113.66 | -4.20 P4
2A 1 .001  |-88.04 25 |-
3A 30 20 |-12.46 -5.32 £0.4]
aA 30 5 |-21.79 -2.63 +0.47
5A
6A
7A
eA
18 ! 107 | 367 |onaar | el PS
28 L 001, |-89.90 272 | 3o
3B 30 20 l-10.79 6. 4] 2660
48 30 5 |-19.47 -3.36 .05
58

. 6B
78
88
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T™-82

TABLE 14 TRANSFORMER TFAA/FA

MODE: » SHIELD: ON
INPUT: COM. Y OUTPUT: COM. A
COMPUTER RUN: ARED3016 DATA: INVERSE SHAKER
ARED3038
CASE e L Vy Ir Er PULSE
1A 0 107 25,20 | -123.55 | -49.51 P4
2A 0 .001 -88.44 -8.95 | -38.09
3A 30 20 -19.94 -16.55 -8.46
4A 5 30 -13.17 -18.83 | -3.26
5A
6A
7A
84
18 0 107 -6.43 | -123.65 | -49.80 P5
28 0 .001 -89.45 -8.19 | -37.90
38 30 20 -15.03 -15.7 -4.48
48 5 30 -12.16 -17.90 -1.80
58
68
78
8B
55
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MODE :

TABLE 15

TRANSFORMER TFAA/FA

SHIELD: gy

T™-82

INPUT: COM. o OUTPUT : COM. v
COMPUTER RUN: ARED2091 DATA:  INVERSE SHAKER
A0003941

CASE 23 Z T Iy Er PULSE
1A 0 107 | -9.64 | -122.14 | -56.20 P4
2A 0 001 | -88.49 22,02 | -31.95

3A 30 20 | -21.49 -14.44 | -5.09

aA 30 5 | -27.76 9.07 | -4.46

5A

6A

7A

8A

18 0 107 | -9.70 | -120.74 | -56.49 PS
28 0 .001 | -89.45 -1.40 | -31.99

3B 30 20 | -17.36 ~13.80 -1.57

a8 30 5 | -24.10 8.73 | -2.91

58

68

78

88

56
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TABLE 16 TRANSFORMER TFAA/FA
MODE: 2 SHIELD: OFF
INPUT: COM. Y QUTPUT ¢ COM. A
COMPUTEK RUM: FBLU3006 DATA:  TAPE
CASE Lg 4 Ve Iy Er PULSE
1A 0 10/ 20.06 | -115.44 | -42.26 P4
2A n .001 -68.50 -6.33 | -38.50
A 20 30 7.62 -7.82 -0.28
aA 5 30 -6.31 -10.24 | --1.10
5A
6A
7A '
8A
18 0 107 2.21 | -116.80 | -50.77 ps
28 0 .001 -89.76 -6.58 | -38.97
3B 20 30 -6.69 -10.01 | -o0.45
4B 5 30 -7.77 -12.16 1.67
58
68
78
88
59
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TABLE 17 TRANSFORMER TFAA/FA
MODE: 2 SHIELD: OFF
INPUT:  COM. - OUTPUT: COM. Y
COMPUTER RUN: FBLU3005 DATA:  TAPE
CASE Vi ZL VT "T_ E PULSF
1A 0 10/ -2.19 S113.24 | -43.8/ P4
2A 0 001 | -88.50 2671 -37.16
3A 30 20 | -11.02 24,231 -0.45 |
aA 30 -21.13 2060 -1.78
5A
6A
7A
8A
18 0 107 422 -114.73 | -51.77 P5
28 0 001 | -89.76 271 37.66
3B 30 20 | -10.40 6.44 | -0.79
4B 30 5 1 _.i9.56 4,311 -2.49
5B
65
8B
60
.
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. TM-82
TABLE 18 TRANSFORMER TFAA/FA
MODE: 3 SHIELD: ON
INPUT:  COM. v OUTPUT & DIF. -
COMFUTER RUN: F0001820 DATA:  TAPE
ARED2092
CASE Le Z Vy Iy Ey PULSE
1A 1 107 | -18.88 | -141.04 | -74.17 P4
2A 1 .001 | -113.87 36.92 | -78.11
3A 20 5 -45.95 -32.59 | -38.53
aA 20 20 -36.83 -35.47 | -34.78
5A 40 5 -47.11 3218 | -38.2¢
6\ 40 20 -37.04 -35.06 | -34.73
7A
8A
18 1 10’ 223.53 | -180.27 | -73.40 P5
28 1 001 | -113.79 -30.53 | -64.80
35 20 5 ~41.47 23041 | -306.19
48 20 20 -31.24 32.22 | -27.85
58 40 5 ~40.78 -30.20 | -30.51
68 40 20 -30.72 32.22 | -20.31
78
88
64
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TABLE 19 TRANSFORMER  TFAA/FA
MODE : 3 SHIELD: ON
INPUT: DIF. . OUTPUT ¢ COM. Y
COMPUTER RUN: F0001821 DATA:  TAPE
FO003387
CASE Lg Z Ve Ir Eq PULSE
1A 1 10 29.11 | -151.12 | -94.86 P4
2A 1 .001 -113.40 -35.41 -76.13
3A 5 20 -35.09 -36.13 -39.77
4A 20 20 -37.90 -33.78 136.38
5A 5 40 -33.02 -40.08 | -40.21
6A 20 40 -35.80 -37.70 | -37.03
7A
8A
18 ] 107 -29.01 | -1a1.21 | -79.45 PS
2B 1 .001 -113.80 -26.01 -60.€0
33 5 20 -35.01 -31.52 -28.95
48 20 20 -34.52 -29.78 | -28.38
58 5 40 -32.35 -34.88 -29.18
6t 20 40 -32.03 -33.31 -29.24
7B
8B
65
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TABLE 20 TRANSFORMER TF}004

MODE : 1 SHIELD: ON
INPUT: COM. Y OUTPUT : COM. A
COMPUTER RUN: FOO0339R DATA:  TAPE
CASE ZS ?L VT IT ET PULSE
1A 1 10’ | -16.06 | -138.52 | -81.98 P4
2A 1 .001 -97.97 20.24 | -65.81
3A 10 20 -26.17 -24.81 | -21.70
4A 30 20 -29.60 -25.00 | -23.44
5A 10 40 -24.13 -28.80 | -22.50
6A 30 40 -26.85 -28.27 | -23.48
7A 10 0 |-760.0 -16.09 |-380.0
8A 30 30 -27.87 -26.80 | -23.43
18 1 107 | -16.79 | -132.95 | -67.42 P5
2B 1 .001 -98.49 214,28 | -50.24
38 10 20 -23.30 -23.30 | -15.35
48 30 20 -23.78 222,60 | -17.53
5B 10 40 -20.94 -22.96 | -16.37
68 30 40 -21.52 -26.33 | -18.10
78 10 0 |-760.0 -14.87 |-380.0
eB 30 30 -22.33 -24.66 | -17.80
69
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TABLE 21 TRANSFORMER TF1004
MODE: 1 SHIELD: ON
INPUT: COM. & OUTPUT ¢ COM. v
COMPUTER RUN : DATA:  TAPE
CASC Z 4 Ve Iy £ PULSE
1A 1 107 | -17.78 | -133.09 | -66.39 P4
2A 1 .001 -98.47 -13.63 -46.92
3A 20 10 | -32.47 -21.66 | -16.67
4A 20 30 | -28.21 -26.93 | -17.37
5A 40 10 | -35.76 -21.85 | -19.15
6A 40 30 ] -30.79 -26.41 | -19.09
7A 0 10 | -24.32 -19.94 | -13.39
8A 30 36 | -29.64 -26.62 | -18.33
18 1 107 | -16.40 131.52 | -66.69 PS
2B 1 .001 98.43 -15.37 | -46.16
3B 20 19 ]-29.07 -20.88 | -13.95
4B 20 30 | -22.85 -25.21 | -15.00
58 40 10 | -29.59 -21.03 | -15.09
68 40 30 | -24.44 226.43 | -15.70
78 0 10 |-24.09 -19.22 | -12.74
8p 30 30 |-23.83 -25.34 | -15.40
70
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TABLE TRANSFORMEK  TF1004
MOCE : SHIELD: ON
INPUT : v OUTPUT : COM. &
COMPUTER RUN: F0003389 DATA:  TAPE
CASE Ze Z, V. o) Ig Er PULSE
1A 107 17.62 | -133.71 | -65.67 Pa
2A .001 69.82 | -15.89 | -50.24
3A 10 20 27.16 | -24.64 | -1%.25
4A 30 20 -31.62 | -25.05 | -18.05
5A 10 40 25.38 | -28.86 | -15.94
6A 30 40 28.86 | -28.50 | -10.75
7A 10 0o |-760.0 -16.46 |-380.0
8A 30 30 29.78 | -26.94 | -18.3x
18 10 216,65 | -132.08 | -65.92 PS
28 001 -99.92 | -15.30 | -49.0a
38 10 20 22.05 | -23.42 | -14.25
aB 30 20 25.00 | -23.75 | -14.97
58 10 45 19.68 | -27.08 | -14.97
o 30 40 22,78 | -27.48 | -15.74
78 10 0o |-760.0 1599 |-380.0
88 30 30 23.60 | -25.81 | -15.3
74
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TABLE TRANSFORMER  TF1004
MODE : SHIELD: ON
INPUT: COM. QUTPUT : COM. Y
COMPUTER RUN @ F0003288 DATA: TAPE
CASE Ie 4 v I Er PULSE
1A 0 107 -17.74 |-132.80 -67.783 P4
2A 0 .001 -99.82 | -15.07 -48.77
3A 20 10 -32.59 | -21.63 -17.04
aA 20 30 -28.40 | -26.97 -18.43
5A 40 10 -36.15 | -22.17 -19.07
6A 40 30 -31.18 | -26.73 -20.48
7A 0 10 -24.78 | -20.00 -15.02
8A 30 30 -290.96 | -26.83 -19.50
1B 0 10’ -17.32 |-132.12 -67.74 P5
28 0 .001 -99.94 | -14.78 -48.37
38 20 10 -27.79 | -20.28 | -14.983
48 20 30 -25.11 | -25.14 | -16.34
58 40 10 -29.33 | -20.52 -15.66
68 40 30 224.75 | -25.50 -17.07
78 0 10 -24.60 | -19.43 | -14.59
8B 30 30 -23. -25.36 -16.71
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TABLE 24 TRANSFORMER TF1004

MODE : EQUIVALENT TO MODE 2 SHIELD: N
INPUT: COM. » EQUIVALENT OUTPUT : COM. Y EQUIVALENT
COMPUTER RUN: AD001659 DATA:  SHAKER
A0001661
! CASE [ 4 Vr I, Er PULSF
) 1A 1 10/ | -20.99 | -140.90 | -32.57 P4
2A 1 001 | -96.43 | -16.48 | -40.42
3A 0 10 | -22.33 | -26.80 | -10.81
aA 20 10 | -30.27 | -20.90 | -2.44
5A
6A
7A
8A
18 1 10/ | -19.83 | -143.40 | -se.88 P5
23 1 061 | -92.80 | -16.48 | -43.45
38 0 10 | -22.33 | -26.80 | -10.81
5 48 20 10 | -27.18 | -23.20 | +1.19
i 58 20 5 | -30.39 | -20.48 | +1.92
N €8 20 25 | -23.85 | -27.90 | +0.90
78 20 20 | -22.76 | -30.88 | +0.91
88 20 001 }-100.35 | -16.48 | -31.50
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TABLE 25  TRANSFORMER TF1010
MODE : 1 SHIELD: ON
INPUT : COM. Y OUTPUT: COM. A
COMPUTER RUN : *ARED5066 DATA:  *INVERSE SHAKER
TAPE
CASE Zc A Vy Iy Er PULSE
1A 1 10 | -5.99 | -127.89 | -73.61 P4
2A 1 .001 | -94.38 -16.4¢ | -66.04
3A 20 20 |-20.40 -15.3 -15.59
aA 20 40 |-17.61 -18.4% | -15.17
5A 40 » 20 }-23.52 -16.08 | -16.66
6A 40 40 |-20.74 -19.25 | -16.07
| 30 3¢ |-20.45 17.88 | -15.45
8A
18 ] 107 | -5.98  |-120.25 | -57.75 P5
28 1 001 |-94.37 -9.31 | -48.73
38 20 20 |-16.35% -14.62 -8.76
48 20 0  |-13.16 -17.51 -8.25
58 40 20 |-18.47 15,58 | -10.15
68 40 40 |-15.44 ~18.44 -9.49
78 30 30 |-15.60 -16.72 -9.07
8B* 20 2.5 |-29.43 -6.60 | -20.54
9p* 20 5 [-23.95 -6.63 | -20.83
106 20 10 |-21.02 -7.77 | -27.43
116+ 20 50 |-10.e8 -17.23 -9.07
12B* 5 20 |-13.44 -10.58 -0.03
138* 20 001 |-92.46 -8.99 | -41.48
14p* 20 40  }11.70 -16.34 -8.86
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TABLE 26 TRANSFORMER TF1010

MODE: 1 SHIELD: QN
INPUT:  COM. & OUTPUT : COM. Y
COMPUTER RUN: F0003394 DATA:  TAPE
F0003395
CASE Lo Z Vr Iy - PULSE
1A 1 107 -13.06 | -121.29 | -57.20 P4
ZA 1 .001 -94.72 -3.55 | -43.27
IA 20 20 -20.82 12.07 -6.76
aA 40 20 -24.06 “12.75 -6.80
6A 20 40 -19.11 -16.26 7.28
6A 40 40 -22.39 -16.99 -7.08
7A 30 30 -21.49 14.77 -6.92
8A
7 T
18 1 10 -12.43 | 121,49 | -57.39 PS
2B 1 .001 -04.28 3.96 | -43.02
3B 20 20 17.03 112.26 -6.48
48 10 20 -18.15 12.61 -6.44
58 20 40 -15.10 -16.43 -7.01
6B 40 40 -16.2 “16.72 -6.73
78 30 30 -16.36 “14.74 6.60
4B

84



0 .
°=IT'G)=VT P—’_’-’-E)
210 —
20
l o e —— 30 20 __ -~
40 20_
db ~20 =40" 5
P 0 40
/ -
PROE R |
/7 7
-~ - Pd
30 ,/,
0,/
20~ {F -
- T ! 1 1 ) J !
0 10 20 30 40 50 o
zL
FIGURE 70 MODE 1 INPUT Y TRANS,  TF1010
SHIELD  ON oUTPUT & PULSE P4
01
. ®=IT,[-]=-VT
~
\\
R\‘\w "
d3 ~-20 - 20 30 20:::;
g
P ﬁ/ﬂ"’%_
s -
-0 — ’/s
S
/4
!
30 4 (.
| ) T ] ] J ]
0 10 20 30 40 507 ° v
L
FIGURE 71 MODE 1 INPUT A TRANS, TF1010
SHILLD  ON QUTPUT Y PULSE P4
85

QRS

T™-82



- YM"“SZ
0 —
. o=l,, @V
ZL % 7 =1 T* T
* SHAKER DATA
-10 ZL”ZO
: =40
“\X\‘;\’\% h
du -20 7 \ -
Z,=20
L Z, =40
-30 =
=40 T I ] T T
0 10 20 30 40 50
] ZS
l FIGURE 72 MODE ] INPUT Y TRANS,  TF1010
SHIELD  ON QUTPUT A PULSL PS5
0 -
of =0 O =1y, W=Vy
-10 —
@ == o Z =20
tﬁ——\
a8 -20 \ZL 20
-30 ~—
-40 , [ , ' _—
0 10 20 30 40 5()
Lg
FIGURE 73 MODE ] INPUT A TRANS, TF1010
SHIELD  ON QUTPUT Y  PULSE - P%
86

Ralinh A a S e TRRRATE T e e e T T R TR T TR R T e e T T
g N by o
o e y‘; ..



e LT W TR ARV TR TR AT TR REATER

*SHAKER DATA

-40

VIGHRE 74

g fen
30 40 50 o
Ly

INCUT Y TRANS.  TF1010

oUTPUT A PULSE PS5

FIGURE 75

T T 1 )C =
30 40 E’Oj w
L
INPUT A TRANS. TF1010
QuTPUT Y PULSE P5
87

Ahe A0S R RS DL A v-.‘-wn,w,-."www
T R TR



™-82

TABLE 27 TRANSFORMER TF1G10

MODE: 2 SHIELD: ON

INPUT: COM. ¥ OUTPUT ¢ COM. A

COMPUTER RUN: A0001651 DATA: INVERSE SHAKER

| _CAsE Zg o, '1 I £ PULSE
1A 0 10/ | -7.23 | -120000 | -53.58 P4
2h 0 001 | -95.17 -7.57 | -44.73
3A 30 30 | -20.85 -16.24 -9.23
an
5A
6A
7A
8A
18 0 107 | -5.97 | -118.30 | -52.¢5 P5
2R 0 .001 | -94.58 27.20 | -43.15
38 30 30 |-15.03 -15.76 -0.97
48
3
5B
78
&
86
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TABLE 28
MODE: 2
INPUT: COM. 2

COMPUTER RUN :

ARED3018

TRANSFORMER TF1010

SHIELD: ON

OUTPUT : COM. Y
DATA:

INVERSE SHAKER

™-82

CASE

PULSE

1A
2A
3A
4A
5A
6A
7A
8A

30

10

.001

30

-11.27
-94.50
-20.21

-120.28
-3.37
-11.54

-61.11
-44.17
-9.95

P4

18
28
3B
48
58
6B
78
88

30

10

.001

30

-10.61
-94.53
-14.92

-121.00
-4.10
-12.58

-61.03

-43.49

-8.09

P5

89
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TABLE 29  TRANSFORMER TF1010
MODE: 5 SHIELD: ON
INPUT: DIF. Y OUTPUT: DIF. &
COMPUTER RUN: F0003427 DATA:  TAPE
CASE Z Z v, I; Er PULSE
1A 1 100 | -0.35 | -121.03 | -54.97 P4
2A 1 .001  |109.26 -29.70 | -67.63
3A 30 30 |-22.90 -18.59 | -4.38
aA
5A
6A
7A
8A
1B 1 100 |-14.24 | -125.26 | -49.65 P5
28 1 001 }120.39 -31.32 | -64.65
3B 30 30 |-31.77 29.52 | -12.88
4B
58
60
78
88
92
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TABLE 30 TRANSFORMER TF1010

MODE: 5 SHIELD: ON
INPUT: DIF. . CJTPUT & prF, v
COMPUTER RUN: ~AREDS067 DATA:  *INVERSE SHAKER
F0003426 TAPE
CASE Z. 4 Yy Iy E PULSE
1A 1 10/ 2.93 | -123.29 | -61.03 P4
2A 1 001  {-109.92 29.25 | -67.75
3A 30 30 -23.01 -17.73 -5.96
an
5A
64
7A
BA
1B 1 100 {-14.90 | -120.46 | o530 P5
28 1 001 |-120.25 22070 | -65.02
38 30 30 | -30.46 2838 | -13.35
ag* 30 2.5 | -54.50 -26.60 | -33.86
5B 30 5 | -48.62 -26.58 | -30.09
6B 30 10 |-42.55 -26.80 | -25.79
78~ o 50 | -27.98 -23.69 | -12.65
88 30 001 }121.79 26.09 | -68.60
9p* 30 30 |-31.90 223,91 | -17.25
93
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TABLE 31 TRANSFORMER CONTROL
MODE: 1A SHIELD:
INPUT: COM. 480V OUTPUT :  pIF. 120v
COMPUTER KUN: F(C003392 DATA:  TAPE
FO003432
CASE ¢ Z Vr I Er PULSE
1A 1 10’ -5.88 | -106.83 | -45.08 P4
2A 1 .001 |-108.68 -10.28 | -54.85
3A 30 5 | -35.77 -10.05 | -18.74
aA 30 15 | -26.50 -10.30 | -14.4i
5A 30 30 | -21.04 -10.86 | -12.07
6A 30 107 -6.60 | -106.63 | -44.88
7A 30 .001 |-109.66 9.98 | -55.51
8A
18 1 10/ -5.32 | -107.72 | -41.3] P5
28 1 001  |-108.59 -11.10 | -49.70
38 30 5 | -14./6 -10.24 | -13.56
a8 30 15 | -25.54 -10.53 | -9.42
58 30 30 | -19.65 -10.63 | -7.31
6B 30 10 5.12 | -106.57 | -41.05
78 10 001 '-108.47 -9.98 | -50.24
8B 30 10 -5.13 -46.59 | -11.95
98 30 103 -5.63 22717 | -6.27
108 30 102 | -11.30 212,69 | -5.31
118 1 104 -5.37 247,77 | -12.19
12B 1 102 =12 .54 -14.90 4,90
9
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TABLE TRANSFORMER  CONTROL
MODE : SHIELG:
INPUT: DIF. 480V OUTPUT: DIF. 120V
COMPUTER RUN: F0003393 DATA: TAPE
F0003433
CASE Lg Z Ve Iy Ey PULSE
A 1 107 -2.91 | -121.45 | -69.10 P4
2A 1 001 |-107.54 -26.31 | -72.98
3A 50 5 | -35.86 -7.03 | -18.87
aA 50 15 | -26.49 -7.12 | -14.32
5A 50~ 30 | -20.56 -7.11 | -11.95
6A 50 10’ -2.87 -08.92 | -51.73
7A 50 .001 |-109.86 -7.09 | -55.87 -
8A '
18 1 100 | -3.79 | -105.98 | -52.63 P
28 1 001 |-106.65 -9.32 | -60.55
3B 50 5 | -31.41 -2.06 | -11.99
48 50 15 | -22.16 -2.00 | -7.69
58 50 30 | ¢16.92 -2.29 | -5.3¢
68 50 107 -3.02 -98.06 | -38.54
7B 50 .001  |-105.34 -2.17 | -43.74
8B 50 10% ~3.05 -38.10 | -9.35
98 50 193 -3.79 -18.92 | -3.31
108 50 102 | -10.61 -5.81 | -2.70
118 1 102 |-10.51 12.78 | -14.13
128 1 10° -3.84 -46.03 | -23.15
§
[}
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TABLE 33 TRANSFORMER  T17363

MODE: 3A SHIELD:
INPUT: COM. LV WINDING QUTPUT . COM. HV WINDING
COMPUTER RUN: F0003423 DATA:  TAPE
CASE 2. Z, Ve It £ PULSE |
1A 1 10’ +4.12 | -112.91 | -39.54 P4
24 1 001 | -87.75 4.50 | -41.32
3A i0 50 -2.86 012 |o-1.32
aA 25 50 -3.54 -8.6¢ | -0.76
5h 50 50 | -7.25 -8.90 | -0.74
6A 25 16 | -13.00 4,10 | -4.59
7A
8A
18 1 10/ +2.72 | -113.56 | -47.29 PS
28 1 001 |-90.22 5,51 | -40.67
38 10 50 -3.42 -11.59 | -0.99
48 25 50 -3.80 210.60 | +1.05
5B 50 50 -6.08 -12.03 | +2.15
6B 25 i0 |-12.70 5.68 | -3.75
78
8B b
1C 1 10’ -3.50 | -116.14 | -52.01 p1
2¢ 1 .00l | -98.40 9.93 | -44.60
3C 10 50 -11.81 - 216.49 -4.88
ac 25 50 |-12.72 -16.61 | -3.87
5¢ 50 50 |-15.40 -18.96 | -32.68
6C 25 10 |-22.74 “12.50 | -7.27
100
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TABLE 34 TRNASFORMER T17363

MODE:  3A SHIELD:
INPUT:  COM. HV WINDING QUTPUT : COM. LV WINDING
COMFUTER RUN: F0003422 DATA®  TAPE
CASE I Z, V- I = PULSE
1A 1 107 | -0.74 | -107.73 | -43.44 P4
24 1 .001 | -87.83 12,83 | -40.50
3 50 10 | -13.89 s1.08 | -4.84
aA 50 25 | -8.68 -1.09 | -2.40
5A 50 50 | -7.87 6.17 | -0.86
6A 10 25 | -6.45 156 | -2.76
7A
8A
18 1 107 | -3.03 | -108.79 | -50.27 P5
2B 1 001 | -90.27 +3.96 | -39.03
38 50 10 |-16.27 +0.51 | -3.84
4B 50 25 | -11.56 2.66 | -1.20
58 50 50 |-10.85 -8.67 | +2.48
68 10 25 | -9.75 2,12 | -2.42
7B
8B
1C 1 107 |-14.36 | -115.9. | -53.39 Pl
2¢ 1 .001 |-98.19 +0.78 | -38.88
3 50 10 |-24.42 -5.59 | -6.15
ac 50 25 1-19.83 -8.95 | -4.54
5¢ 50 50 |[-19.29 -14.88 | -3.53
6C 10 25 |-18.68 -8.89 | -4.25

10
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TABLE 35 REGULATOR
MODE:  4A £00ST SHIELD:
INPUT: ) OUTPUT : 2
COMPUTER RUN: FBLU60SO, DATA:  TAPE
FRED7035
CASE Z Z Ve 1 I Ey PULSE
3 1 10’ 2,28 119.53 | -78.80 ng
4A 50 10’ .71 07.75 | -45.13
50 10 10 |-14.53 477 | 2.36
6A 10 50 -5.32 022 | -2.63
7A 1 50 -6.18 21,95 | el
8A 100 57 -€.66 3.8t | 0.6
A 50 3 27.98 2,32 | -¢.69
10A 50 10 |-18.11 23,11 | -2.49
114 50 20 |-12.79 23.88 | -1.74
12A 50 50 -6.51 81 ] -c.al
134 L0 100 2.9] o0 | o
144 100 10 |-18.81 2006 | o
174 1 1 l-26.58 paa | e
18A 50 1 |-37.17 2.03 | -7.79

NOTE- CASE 1A, 2A, 15A and 16A are veid.
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TABLE 35 (Cont.) REGULATOR

MODE: 44 C0ST SHIELD:
INPUT: 1 ouTPUT: 2
COMPUTER RUM: FEBLUG0B1, DATA:  TAVE
. FBLUG101,
FRED7035
CASE L Z Vs I E PULSE
38 1 10/ -2.3¢ | -114.05 | -49.52 | 05
46 50 10’ 0.66 | -106.15 | -37.32
56 10 10 -22.47 -13.16 | -4.94
6B 10 50 -11.23 -15.65 | 3.14
78 1 50 -12.60 -18.64 | -£.10
88 100 52 -10.02 10055 | w2070
2z 50 3 32.24 19.39 | -1c.14
166 50 10 -22.1¢ 1075 | 6.0
115 50 20 | -16.70 110 | oal3n
126 50 50 -10.23 12.37 | -2.70
130 50 100 -6.30 14,12 | -1.97
147 100 10 -22.03 9.08 | -f.71
178 1 1.. 20.99 12.96 | -6.72
188 50 1 “41.6! -10.24 | -14.45

NOTE:  CASE 1B, 28, 15B and 16B are void.
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TABLE 36  REGULATOR -
MODE: %A BOOST SHIELD:
INPUT: 2 ouTPUT: )
COMPUTER RUN: FBLUEGS2, DATA:  TAPE
. FRED7033
CASE Z Z, Vr Iy RS
3A 1 10 1.41 | -113.96 | -60.39 -4
aa 50 107 1.21 297,91 | -¢4.27
50 10 10 -14.85 3.08 | -2.22
6A 10 50 -6.47 8.73 | -3.18
7A 1 50 -5.64 19,96 | -9.79
8A 100 5 -8.10 0.99 | -0.07
9A 50 3 -27.86 062 | -3.38
10A 50 10 -18.24 -0.80 | -1.79
11A 50 20 | -13.15 3] -1.28
12A 50 50 -7.42 23,15 | -0.67
13 50 100 -4.12 5.35 9.97
14A 100 10 -19.73 0.16 | -2.06
17A 1 i -26.83 761 | -5.37
18A 50 1 -36.95 0.35 | -5.88

HOTL: 1A, 2A, 15A, ard 16A are void.
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"
TABLE 36 (Cont.) REGULATOR
MODE : 4A ~0CST SHIELD:
INPUT: 2 oUTPUT: 1
COMPUTER RUN: FBLUS0OR3, DATA:  TAPE
FRED7033

CASE Zg Z Vy Iy Er PULSE

3 1 i’ -4.97 11625 | 50,28 ng

'» 50 10/ 2318 | 107,39 423 |

5. 10 10 -25.57 12.42 -3.74

i 10 50 -12.88 -15.58 2,60

b 1 £) -13.50 19.01 -5.37

38 100 50 11.€8 -0.21 2,28

3 " 3 -32.6b .62 -8.42

108 50 10 -23.77 9011 4.c,

110 50 20 | -18.45 -0.71 Y

128 50 50 -12.35 11.34 -2.18

135 50 107 -8.98 13,67 s

145 100 10 -23.34 -7.25 5.52

176 1 1 -41.01 -12.43 5.3

18" 50 1 42.95 -8.80 | -12.52
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TABLE 37 REGULATOR
MODE ¢ 4A "I'CK SHIELD: '
INPUT: | oUTPUT: 2
COMPUTER RUN: FBLU6084 DATA:  TAPE
. FRED7034
CASE L l:" Vo Iy JET PULSE
3A 1 10 1.14 -118.70 61.00 g
aA 50 10/ 1.58.  |-153.65 | -47.00
5A 10 10 -15.28 -6.18 3.59
6A 10 50 -6.87 ~12.14 -4.5)
7A 1 50 -6.33 - 20,90 -11.25
8 100 50 -8.0L 5 02 2215
9IA 50 3 -28.15 -2.07 -4.92
10A 50 10 18,51 -3.28 2.99
11A 50 20 -13.43 -4.59 2.5¢
leh 56 50 -1.12 7,33 -2.55
130 50 100 -4.50 10.33 .01
14A 100 10 -19.2 -1.96 3.cl
17A 1 1 -29.18 -7.66 -20.64
18A 50 1 -37.53 1.77 el 16
NOTE: 1A, 2A, 15A, and 16A are void.
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TABLE 37 (Cont.) REGULATCR
MODE: 4A tiic SHIELD:
INPUT: oUTPUT: 2
COMPUTER RUN: FRED6096, DATAT  Tavg
. FRED7034
CASE Z Z Vy I = PULSE
3 1 107 372 | -naa7 | o510 | es
4r 50 107 -0.41 -167.57 | -43.66
58 10 10 -21.96 -12.48 -5.60
6E 10 50 “12.75 -17.00 6,16
B 1 50 13,17 -18.30 6.0
82 100 50 11.28 S11.40 217
9% 50 3 2320V 00 | sea
108 50 10 -23.39 11.52 -6.15
11B 50 20 1 -18.00 -12.11 4.61
125 50 50 “11.61 -13.56 -3.37
133 501 100 -7.81 ~15.40 3.02
145 100 10 -22.95 0,45 £.50
17p 1 1 43.7 405 | 10,77
L 59 1 -42.31 10.48 | -14.10
HOTE 1, 2k, 156, and 167 are void.
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TABLE 38 REGULATOR
MODE : 4\ RUCK SHIELD:
INPUT: 2 ouTPUT:
COMPUTER RUN: FRED609/, DATA:  Thf(
. FRED7032
CASE ¢ 4 Vy Ir Er PULSE
3A 1 107 2.55 115.62 | -502.59 P4
4A 50 10/ 3.37 100,07 | -aa.25
5A 10 10 -16.3 5.40 | -2.02
6A 10 50 6,57 .06 | -3.50
7A ; 50 -5.78 17,66 | -9.13
8A 100 50 ~9.52 27|l
3 50 3 ~29.66 2.80 | -4.76
10A 50 10 £19.77 3.00 | -2.55
114 56 20 14.48 338 | o2
124 50 50 £.36 5.1 | 1.9
134 50 100 4.4 NI
L4 100 10 2140 2.86 | 5.0
17A 1 1 2" .42 752 | 20
184 50 1 39,10 297 | -8

NCTE: 1A, 2A, 15A, and 16A are void.
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TABLE 38 (Cont.) REGULATOR
MOBE : 4A rLOv SHIELD:
INPUT: 2 oUTPUT: 1
COMPUTER RUN: FRcD6098, DATA: TAPE
, FRED7030.,
1 FRED7032
'§ CASE e ZL, Ve It Er PULSE
! 38 1 10’ a2 | -iiea38 | -aezo | ns
s 4 50 10 2.0 1n7.10 | -43.58
g | : 10 10 -23.09 11,45 | -4.47
¥ 6B 10 5 -13.77 16.08 | -2.97
B 7 1 59 -13.89 18.36 [ -5.28
y 85 100 50 “13.05 s | -3.27
95 50 3 -34.5¢ 5,17 9.37
105 50 1 -25.44 -10.44 5.94
118 50 29 . -20.02 10,97 | -a4.30
12¢ 50 50 -12.69 12,88 | -2.97
13t 50 100 -9.81 14,55 | -2.59
148 100 10 -24.84 8.n1 | -6.04
178 1 1 -43.82 13.95 | -18.4%
188 50 I ~43.69 72 | -14.21

NO0TL: 1L, 2B, 158, and 165 are void.
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4.0 POWER SUBSYSTEM ANALYSIS

The transformer models in terms of ABCD parameters are directly applicable

to power system and subsystem computer modeling. A power subsystem, consist-
ing of power wire in conduit feeding a shielded transformer which powers
direct buried cable in a lighting string, was modeled and analyzed for EMP
propagation. The analysis used the ZAPTRN program.

The ccmputer program ZAPTRN performs basically the same function as ZAPTST.
The main difference is that ZAPTRN has the necessary additional subroutines
and other software to compute the response of more complicated cascades of
elements in addition to the transformer, e.g., transmission-line segments
and other networks.

The specific problem was to obtain an approximate solution for the transient
coupled from the SAFEGUARD threat field through a 200-foot direct buried
cable used to transmit power from a transformer (TF1004) in the RLOB at the
RLS to a perimeter lighting system.

A model was postulated consisting of 200 feet of buried cable, terminated at
its outer end by tihe load model depicted in figure 112. The inner end of

the cable was attached to the RLOB transformer, whose primary was fed through
50 feet of cable in a 2-inch conduit. The conduit cable was terminated at
its far end by the load model depicted in figure 113. The rather large shunt
capacitor represents a surge capacitor from bus to ground, while the induc-
tance and resistance approximate the lead inductance and resistance plus the
ground connection resistance. The buried cable was assumed to be at a depth
of 3 feet in ground, having a relative dielectric constant of 10. andaa
conductivity of 1. x 10'3 mhos/meter. Any possible shielding effect of the
spiral bending which is part of such cables is neglected. In the TF1004
model used, the buried cable was assumed attached to the y-connected side.
TF1004 has a Faraday shield.
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4.0 (Continued)

Table 39 gives a summary of the results obtained from this computation.
Also included in the table are the numbers of the figures showing the
computed waveforms at various points in the circuit. Bulk ( common-~mode )
quantities were computed.

It is of interest to compare the results shown in table 39 with the results
of the computations done with the ZAPTST program with simple resistive ter-
minations on the transformer, For this comparison, a case was selected which
used the P-5 pulse shape with TF1004 and about 40 ohm resistive terminations.
The latter are roughly in the range of the characteristic impedances of the
transmission lines used here. The similarity of the shapes of the primary
voltage spectrum at the transformer input for the P-5 pulse and the corres-
ponding computed voitage due to the 200-foot buried cable of the problem can
be seen in figures 120 and 121, respectively. It appears that the P-5 pulse
used in much of the transformer analysis is reascnably representative of
buried cable couplings. The attenuation of the high freguencies is evident.

The ZAPTST case found a voltage transmission ratio for the transformer of
-22 dB, which compares with -30 dB above. The corresponding ZAPTST current
transmission ratio was -26 dB, which agrees extremely well with the -26.9 dB
in table 39.

The difference between the peak current in the load and the peak current

at the transformer output seems to come fron system resonances. The current
and voltage transmission ratios of the output transmission line exhibited
the interlaced periodic peaks that are characteristic of the impedance-
transforming property of transmission-line segments. The first peak of the
current transfer ratic was about 16.5 dB at 2.2 MHz, and 5.0 dB at 7.8 MHz,
with decreasing peaks spaced about 5.2 MHz apart, where the JTine is an odd
number of quarter wavelengths Tlong.
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TABLE 39, SUMMARY OF COMPUTER RESULTS

T™-82

PEAK VALUE OF TRANSIENT VOLTAGE AT 8.0 VOLTS

TRANSFORMER INPUT
FIGURE NUMBER 114

PEAK VALUE OF TRANSIENT CURRENT AT 0.73 AMPS

TRANSFORMER INPUT
FIGURE NUMBER 115

PEAK VALUE OF TRANSIENT VOLTAGE AT 0.22/-0,25 VOLTS

TRANSFORMER OUTPUT
FIGURE NUMBER 116

PEAK VALUE OF TRANSIENT CURRENT AT 5.7 ma/-5.9 ma

TRANSFORMER OUTPUT
FIGURE NUMBER 117

PEAK VALUE OF TRANSIENT VGLTAGE AT LOAD 0.175 VOLTS

FIGURE NUMBER 118
PEAK VALUE OF TRANSIENT CURRENT AT LOAD
FIGURE NUMBER 119
VOLTAGE TRANSMISSION RATIO (TRANSFORMER ONLY)
CURRENT TRANSMISSION RATIO (TRANSFORMER ONLY)

ENERGY TRANSMISSION RATIO (TRANSFORMER ONLY)

125

e s e e

8 ma

-30,35 dB
-26,88 dB

-33 dB



PYIRARR

A aa i

T™M-82

e

LNdNI 4IWI0OISNYYL LY WHOA3AVM IDVLTOA INIISNWYL “#LL 3Y¥NOI4

"S1  39v4-12y£0001 SANGIIS NI Wil 110A" 124
S.00x
G} [+ 2~ I | oor "1 0021 [¢Jolo Il | oce - 00¢° aor 002"’ 1]
— 00" 4=
1
M 00°Z»
A~ N \Jr\\l/, N
~ AR VAR IRV A VI / ’
\
00°¢
0G4
- oo-w
008

JSWIAN] WOWI NOTLONMY Jvld

D ISNYY,

126




- b e e o P -

INdNI d3WdudSNYYL LV WHOJIAVM IN3UYYND INIISNVHL "Sii 3dN914

™M-82

bttt e

‘v2  I9V4-12vE000 4 SONODIS N1 INIL SdWY *Buend tud
M.O.x
W oce" 1} aog" i cor ° 1 [2]: P-o | C0G " 1| 093 ° 00s$ "’ covy” o0e” 3]
!;anooo_.oa
- -—t————-40050°0-

<

0050°0

0001°0

00§1°0

i
TN
’

e

)
-
»

WOWI NOTLIONNY Wiy

ISeIANI

wWaD SNV

127




& STVNIWY3L INdLINO Y3IKYO4SNVYL 1V WYO43IAVM JOVLIT0A INFISNVYL 9Lt J¥NSI4
,m =
;
"CE I0va-12v€000 3 SONGIIS MN! IKl. 1 I0A° 23S
m.o_n
[sXe X TR 1 co9° 1t ooy " 1t aoe 1 000G} 008 - [e77]" I [r]1] 2 202 1]
ﬁ_ 000€ “0-
{
- 000Z*0- 3
%
(2]
- -H{- 0001%0= 3 ©
z N
-
0 _ <
- {\,{{é}nﬁﬂﬁfﬂﬁxﬂ?}‘ i ’ z
) 2
| ;
00GL"90 z
[
- e ]
O
D
X
00020
- 000€°0

i
]
{
3
i




S —

TM-82

STUNIWG3L INdLINO YILMOISNVYL 1V WHOJIAVM INSHYND INIJISNWEL il 3YNOI4

‘et 19vd - 12vECD0 4 SaN033S NI NI Y ‘aunica3s
5.01X
goca’ 1 DI oor "} oozt eqat 1 aoe - 609 - aor - 00" [¢]
T - T T 000°9=
—-1 -#%: 000" 4-
——d b AL L C00° 2~
o I\ N N o
e il Q
x
p0!
- !\LﬁfteuliLdllllvll - 000°¢
—+ —- i o ————3000"%

' 000°9

WOMs NOILONTY Il

ERT ELLE

wa0 SNV,

129




WTEETe

STUNIWYIL QVOT LV WYOJIAVM ISVLTIOA INIISNWHL “8LL J¥noI1d

T™M-82

. J I9va-12r€C00 3 SONO0233 N1 ML A GVOD
m.O-l
[1:1 B | 009" § oor " 1} 00z [+1s 1+ ] one 009" oor -’ 00¢° 1]
T =T ~ 0002 ~0-
{0051 0~
( z
— 0001°0- <
(2]
= i
— i ,__oomo.? z 2
b “ —4
H
IS v 2l ?lt’a}}r}} 0 'M
~
a
i 0050°0 :
-
"
(2]
—tooo1'0 %
— 0051°0
— 000270

Yo,




STUNIWM3L QVOT 1V WYOJIAVM INIYUND INIISNWHL “ALL JHNOI4

T™-82

‘21 I0V4-DBZININS $0N0D3S N1 NI yw ‘wn3 ave1
‘0°—I
1] M 1] M ¢ aoy 1 0oL 2001 ooe 008’ ooy’ ooz’ -]

- 00° Qe

00° 9=
2
~ c— - - - occ#. -
<

a —
~ {— - Hi 14 00" zo s -
X
-
N - .-‘z Tlm) e m
Y
n
- - DI B 0 o 00°2 -
»
- -+ — — flg.oo.a x
»
-
?
. ~—~H00°9
- -100°8

00°01




3SI0d G-d ONISH ISVD ISLdVZ ¥ wWOYd
STUNIWYIL LNdNT +001-1 LV WNYLIIdS 39¥LT0A 40 3GRLINOYW 021 3un9ij

‘S8l 19vd-86CE€000 8 “ZH N1 ADNI3NCIMNS 1 T0A° { 6d

T™M-82

J0°E 2 £0! S 2 g01! s 2 <0t s 2

T : + - - T 1 g0 61~

V\ - “tt—4—3—— 0°591-
]

—

= + —-— o°ssti-

132

—4 104 0°'0581-

=
//

NOELINTS AININDJes 40 JQNLINSVYN

— -t 44— arerr-

d

\ 2
= T AN // T NTTT o —+ 0"ori- 2
~ / -
/ ~ / \ ”v
f lfjf S . \ e sel-
NN . +
i 2 L« Si—+—11
3 3 W\T — ] Jf
-~
4 ! A 3 S 0°0cCt-
ZyCE0C0Y WONI 1I100W vJl8o0 NO GY31IKxS I 00N *00t 31 89 1S¥d

L) $°s | .




- = s i o e ki e d
I e o D 8 i B EAr A o LS TR 3 S R i

—* 001=-

m/w. l 378V1 RI 03140434 3ISVYI NYLd¥Z IHL WOUJ
E STYNIWY3L 1INdNI $001-1 1V WNY¥1D3dS 3I9VLITI0A 40 I0NLINOVIW " L21 U914 !
i
"€1  30v4-120€000; “IW NI ASNINDINS 1104 tue
00°E ¢ /01 s 2 901 s 2 <01 s 2
I ogt-

2

cit- °

091~ o

. -

y, %
- om_' -n-n- ™ 1

_ ] 1 -4 -

° 4

-
Ohi=- w 4

! 01 z
N o F

? . :

1 0zi- H

b N -M \ .(.

/Nufxfux : < | p -

=~ ,Vl L4 olt-
~| = ™ bzg
W /of b S
hpvaahy (& 7 P \
1 N * °




e

™ v

T™-82
5.0 DATA FLOW EXAMPLE

The methodology for processing the transforiver measurements is illustrated
preceecing in figures 12 through 15,

The output from each data processing step for cne transformer and one load
condition is shown following in figures 122 through 144. The transformer
data used for this example is for TF12 (see tatle 1).

An intermediate output (figure 14) from the ABCDOF program is the edited
y-parameter data which is shown in figures 122 through 127. The result of
this conversion of y parameters to ABCD parameters is shown in figures 128
through 135. The self-consistency of the ABCD parameters is demonstrated
by the ABCD determinant, figures 136 and 137. The maximum deviation from a
value of 1 for the amplitude of the determinant is seen to be less than 7
percert. Another output from the ABCDOF is the open circuit voltage transfer
ratio {figures 136 and 137), which is simply the inverse of the A parameter
(figure 2). It is clear that the most important region in figure 138 is the
highest amplitude region. The same is true for the inverse of the other
ABCD parameters. The SHAKER routine, figure 14, heavily weighs the data
values having the largest amplitude. Consequently, for the best results,
SHAKER 1is applied to the inverted ABCD-parameter data. Tne unloaded voltage
transfer ratio from ABCDOF can be compared from that calculated by ZAFTST
(for ZL=IOZ.) as an accuracy check.

The transformer pulse response s calculated by ZAPTST using either the
full number (1024) of the data points or the SHAKER output. “ome ZAPTST
results for transformer TF12 are shown in fiqures 140 through 144, The
impedances used for these figures were Zsrlsm, ZL: 10, with pulse P-5
(case 4B, table 6). The loaded voltage transfer ratio, the input and out-
put voltage pulses, and the input and output pulse transforms are shown.
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